Results: Preoperative VAS score was 6.54, at discharge it significantly regressed in 95.8% of patients. The overall VAS score at discharge was 1.25 and within 12 months decreased to 0.26. Preoperative ODI score was 50%, at follows-up in all patients it decreased, ranging from 21% to 10%. Reduction of local kyphosis was achieved in 30 (51.7%) vertebrae by average 4.38.
1.

Introduction
There are two minimally invasive percutaneous methods: vertebroplasty and balloon kyphoplasty (BKP), which are widely used for augmentation of vertebrae. The accepted indications for their use include osteoporotic vertebral fractures, spinal myeloma, metastases and haemangiomas [1] [2] [3] [4] [5] . In 1987, vertebroplasty was first described as injection of bone cement into vertebral body (VB) causing its mechanical reinforcement and pain relief [1] [2] [3] [4] . Vertebroplasty does not inflate the compressed VB; however, in a fraction of fractured vertebrae with mobile bony fragments the reduction in deformity was achieved [2, 6] . Percutaneous balloon kyphoplasty (BKP) was introduced in 1998, aiming to correct the kyphotic deformity secondary to vertebral fracture [1, 3, 4] . In this method two inflatable balloons are inserted under radiofluoroscopic guidance into the VB. Balloons are inflated in order to re-expand the VB and to create a void in its spongious bone, thereafter are deflated and removed. In the next step, the created void is filled with injectable bone cement, most commonly polymethylmethacrylate (PMMA), which consecutively hardens stabilizing the shape of expanded vertebra [1, 2, 4, 5] . After more than a decade of experience, the clinical benefits as well as radiographical results of BKP remain debated [4, [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . The objective of this study was to analyse the effects of BKP on correction of local kyphosis, pain relief and patient's quality of life. To the bests of authors' knowledge this is the first clinical study of BKP in Polish literature. 
Materials and methods
fabricated the kyphoplasty instruments and bone cement containing PMMA. Through small incisions the working cannulas were inserted into 42 vertebrae with a bipedicular approach and into 16 with unipedicular. Through the working cannula the drill was advanced to create a tunnel for the balloon. According to the diameter of the VB, 20-mm or 15-mm balloons were used, containing 6 ml or 4 ml of liquid, respectively. The balloons were inserted into the cancellous bone of the VB and inflated manually with radiocontrast medium. To achieve as much expansion as possible, inflation was carried out until maximum tolerable pressure of 400 psi or maximum balloon volume, thereafter the balloons were deflated and removed. The void was filled with the cement, injected under low pressure. Proportionally to the void dimensions, the injected volume ranged from 3 ml to 10.5 ml per vertebra (mean: 5.5 ml), standard deviation (SD) = 1.96. Mean cement volume calculated for thoracic and lumbar vertebrae was 5.0 ml and 7.0 ml, respectively. The procedure ended in removal of working cannulas and closure of their cutaneous entry points by single sutures. Patients were discharged home the following morning or within 3 days after procedure. In 22 patients the number of vertebrae augmented per session ranged from 1 to 6. Two patients were treated in 2 sessions with intervals lasting 6 weeks and 8 weeks, in these cases the date of last session was established as the beginning of follow-up.
Results
The postoperative course was uneventful, repeated fractures were not diagnosed at follow-up. Pain intensity and quality of life were assessed preoperatively, at the day of discharge (pain only) and at follows-up taking place 1 month, 3 months, 6 months and 12 months after kyphoplasty. Five (20.8%) patients were lost from last follow-up for different reasons. Back pain at the level of fracture was assessed with Visual Analogue Pain Scale (VAS), entailing scores from 0 (no pain at all) to 10 (worst possible pain). At discharge, complete pain relief was noted in 14 (58.3%) patients, significant pain reduction to VAS score = 1-4 in 9 (37.5%), whereas 1 patient declared only 1-point decrease of VAS score. Overall mean VAS pain score decreased from preoperative value 6.54 to 1.25 at discharge and within 12 months its value diminished to 0.26 ( Table 2 ).
The quality of life was evaluated using Oswestry Disability Index (ODI) version 1, consisting on ten sections: pain, personal care, lifting, walking, sitting, standing, sleeping, sex life, social life and travelling [18] . Patients scored each section from 0 (best) to 5 (worst), the sum of scores was turned into percentage of disability. The preoperative mean ODI score was 50%. At 1-month follow-up the disability of all patients diminished, the mean ODI was 21% and at consecutive follows-up it decreased to 10% ( Table 2) .
Local kyphosis (LK) was defined as angle between superior and inferior endplates of the fractured vertebra [8, 11, 16, 19] . It was measured on plain radiographs or CT sagittal reformatted images obtained preoperatively and after the procedurebefore discharge or at first follow-up (Fig. 1) . The LK change (Da) after kyphoplasty was calculated according to following formula: Da = a 2 À a 1 , where a 1 and a 2 meant LK angle before and after procedure, respectively; the positive value meant kyphosis, whereas a negative -lordosis. The reduction of LK was achieved in 30 (51.7%) vertebrae with the jDaj ranging from 28 to 108 (mean: 4.38). In nine (37.5%) patients BKP reduced LK of all augmented vertebrae, in seven (29.2%) reduced LK in fraction of augmented vertebrae, in eight (33.3%) no significant reduction of LK was found ( Table 1) .
The Mann-Whitney U test revealed no difference between postoperative ODI and VAS scores in females and males ( p > 0.05). The Kruskal-Wallis test revealed no evidence of differences between baseline and post procedural VAS scores in 3 groups of patients: with reduced LK of all augmented vertebrae, reduced LK in fraction of augmented vertebrae and those without reduction of LK ( p > 0.05).
Complications related to BKP included leak of PMMA in 10 (17%) vertebrae, belonging to 7 (29%) of patients, none of them provoked neurologic symptoms. During procedures, 4 (4%) balloons ruptured, without any damage to patients.
Discussion
There is a general consent that BKP corrects vertebral anatomy, reduces pain and improves patient's quality of life with lower incidence of extravertebral cement leaks and clinical complications as compared to vertebroplasty [1] [2] [3] [4] [5] [6] 9] . However, controversies exist regarding the effectiveness of BKP in reducing the post-fracture kyphosis and assumed superiority of BKP over vertebroplasty or conservative [8] [9] [10] 12, 15, 16, 19, 20] . In 2006, Hulme et al. analysed 69 clinical studies and estimated that BKP failed to restore the kyphotic angle or vertebral height in 34% of vertebrae; also concluded that mean kyphotic angle restoration of fractures treated with BKP and of mobile fractures treated with vertebroplasty was similar, equal to 6.68 [3] . This was later confirmed by Hiwatashi et al. [9] and Santiago et al. [20] , who pointed out that BKP and vertebroplasty provided the same degree of vertebral height restoration. Regardless of the correction of vertebral geometry, the clinical impact of this radiological result is not known [20] . Lee at al. [11] and Pradhan et al. [19] revealed that reduction of vertebral kyphosis obtained with BKP did not significantly improve the overall spinal alignment. In 2005, Feltes et al. observed alleviation of pain without restoration of VB height [8] . Some authors did not find any association between correction of vertebral deformity and improvement of pain [12, 21, 22] . In 2007, groups of experts published the position statement on percutaneous vertebral augmentation, concluding that ''the performance of BKP instead of vertebroplasty may be due to operator experience or preference'' [10] . Above-mentioned opinions confirm lack of evidence-based indications for the use of BKP.
The results presented in this study showed rapid pain relief of 23 (95.8%) patients with a significant decrease of overall mean VAS pain score by 5.29 points at discharge and with further improvement within 12 months. The reduction of disability of all patients came into evidence at a first month follow-up, when the decrease of mean ODI score by 29% was noted. Within following 11 months the mean ODI ranged between 16% and 10%, signifying minimal disability. Aforementioned results are confirmed in literature [3, 6, 7, 15, 16] . However, in our study clinical outcome shows discrepancy with radiological results: reduction of LK was achieved in 51.7% of vertebrae, it succeeded in 66.7% of patients; amongst them only 37.5% had the kyphosis of all fractured vertebrae reduced. This divergence serves as evidence that clinical improvement corresponds with intravertebral cement instillation, whereas it is not proportional to the incidence of deformity correction. The volume of PMMA injected to vertebrae presumably was the main causative factor of pain relief, whereas the reduction of LK might play minor contributing role. The accepted explanation of pain relief after vertebral augmentation is based upon mechanical effect of cement injected into VB [6, 13, 23, 24] ; the contributory role of heat released during exothermic polymerization of PMMA is also taken into account [25] . The correlation between amount of cement injected to VB and clinical results was postulated for both vertebroplasty and BKP [13, 23, 24] . The amount of cement 13-16% of VB volume is sufficient to restore its compressive strength [23] . Nieuvenhuijse et al. revealed that cement volume equal to 24% of VB volume injected with vertebroplasty technique provided optimal pain relief without increase of complications [24] . Röder et al. estimated for BKP that cement volumes up to 4.5 ml per vertebra resulted in significant pain relief [13] . Retrospective calculations presented in this study revealed that vertebrae were augmented with average cement volume equal to 5.5 ml. It is highly probable, that higher cement volume provided rapid and longterm clinical improvement, however, resulted in increased incidence of extravertebral cement leaks, as compared to literature [3, 15] . This study is limited by lack of control group and absence of five patients in the most recent follow-up. In most patients, one-time postoperative imaging (CT or plain Xray films) served for measurement of LK, repeated radiologic examinations were not performed in order to avoid excessive irradiation of patients and given the lack or recurrent pain at the treated levels.
Conclusions
Rapid significant pain relief after kyphoplasty followed by long-term pain release and disability reduction in all patients was most probably the result of vertebral augmentation. The correction of local kyphosis had no influence on the outcome.
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